Making good decisions can be extremely difficult when problems are not well structured and situations are complex, as they are when managing natural resources for multiple benefits and for users with differing values. Proficient problem solving depends on an adequate foundation of relevant and readily applicable knowledge. Recent advances in computer technology coupled with expanded knowledge and information distribution and accessibility, brought about by the Internet, have increased our power to manage both tacit and explicit knowledge. Impressive computer-based systems have been developed to deliver this knowledge for decision making, but their use in forestry has been limited. Widespread adoption will require close cooperation among people developing methodologies and techniques in the areas of inventory and monitoring, statistics and modeling, policymaking, and forest management planning. Without attention to the key task of knowledge management, however, efforts in sustainable forest management may only have limited long-term success. _______________________________________________________________________
Knowledge about natural resource management is multifaceted and spans the biological, physical and social sciences. In an early approach to knowledge management, Rauscher (1991) demonstrated the functional difference between hypertext and paper text by creating the first electronic hypertext encyclopedia in forestry-"The Encyclopedia of AI Applications to Forest Science." Other hypertext products followed in rapid succession (Rauscher et al., 1993; Thomson et al., 1993; Reynolds et al., 1995; Rauscher et al., 1997) . As the Internet became more popular, it was obvious that KM systems using web-based hypertext had an enormous competitive advantage over stand-alone systems. Thomson et al. (1998) combined knowledge-based systems processing and a hypertext user interface (HTML) to provide forest tree disease diagnosis over the Internet-now anyone with a Web browser could access the diagnostic software. Examples of natural resource KM systems on the Internet can be found at the Forest Encyclopedia Network (http://www.forestencyclopedia.net), which contains a growing number of scientific encyclopedias (Kennard et al., 2005) . Universally available access and inexpensive updating appear to be the critical elements for making KM in natural resource management an attractive alternative to traditional, paper-based methods.
Future Directions
As extensive web-based KM sites illustrate, we have progressed quite dramatically in our technical ability to support the goals of individuals, organizations, and nations. It is much less clear that we have advanced equally far in changing our institutional processes to use KM efficiently. Nor is it as clear that people in organizations are participating regularly and effectively as contributors as well as consumers of knowledge within the KM framework. Because KM is a young discipline a generally accepted framework for it has not yet been established. Instead a variety of approaches to KM have been implemented across a variety of organizations (Rubenstein-Montano et al., 2001) . Knowledge gains economic value when it is used to solve problems, explore opportunities, and make decisions that improve performance. Ways must be sought to enhance and promote KM in organizations (Girad and Hubert, 1999) , because KM increases efficiency and generates value. These are important whether the organization is a commercial enterprise trying to reduce costs or a government agency competing for shared funding resources.
Decision Support Systems
Overview A decision-making process is a method that guides an individual or group through a series of tasks from problem identification and analysis to design of alternatives and selection of an alternative (Mintzberg et al., 1976) . Systems that generally fulfil the Mintzberg definition include multi-criteria analysis techniques such as the analytic hierarchy process, knowledgebased systems, and, more arguably, optimization systems, e.g., linear or goal programming. While geographic information, spreadsheet, and database systems may be critical components of a DSS, most should be considered as tools in a DSS framework as opposed to DSSs per se (Reynolds, 2005) . In most cases, these systems aid in the analysis phase of the decision process, but fail to directly support the other decision steps.
The adaptive management process provides the theoretical framework for most modern DSSs (Rauscher, 1999; Reynolds, 2005) ; it consists of four components:
• Planning. This phase prescribes how, when, and where to implement activities to achieve the identified goals within the constraints.
• Implementation. This phase puts the plan into action. Each activity implemented on the landscape must be adequately documented so that it is clear what the conditions prior to action were and how the management activity changed those prior conditions.
This phase requires periodically examining the implemented management activities and recording current conditions over time.
• Evaluation. Hypotheses are tested in the evaluation phase by comparing actual and expected outcomes. The learning part of adaptive management arises from contrasting actual and expected outcomes to provide a starting point for the next iteration of planning.
Future Directions
As the forest science community moves into a new development cycle for DSSs applied to sustainable forest management, there are several areas where further improvements are needed and expected. First, researchers, developers, and end users could benefit from a comprehensive taxonomy for DSSs; currently DSSs exist as a poorly organized "grab bag" of niche tools that vary across a large number of comparison dimensions. Second, DSSs are rarely able to provide information either up the scale (project, forest, landscape) to the next higher level or down the scale to the next lower level (Mowrer et al., 1997; Reynolds, 2005) ; there needs to be better communication across those scales, either within a multiscale DSS or between DSSs operating at different scales. Third, most DSSs still do a better job of accounting for biophysical goals than social and economic goals (Mowrer et al., 1997) : sustainability, on the other hand, requires consideration of a broad array of values, goods, and services. Fourth, although not as pronounced as it once was, Mowrer et al., (1997) reported that tools for building group consensus were entirely missing from all DSSs examined. Wide-scale acceptance of DSSs by the forest managers will depend to a great extent on how well these applications permit group participation in decision making. Fifth, implementation and monitoring phases of adaptive management are not well supported by current DSSs; eventually doing so will allow forest managers to convincingly demonstrate successful adaptive management (Reynolds, 2005) . In general, DSSs have come a long way from non-spatially explicit, timber production optimizations models operating at the ownership level. We now have a wide variety of tools and models from which to choose.
Multi-Criteria Decision Making and Satisficing

Overview
Operations research methods were developed to address needs in industrial and business operations, where inputs, outputs, resources, actors, flows, and other problem components could be described with completeness and certainty. Gradually these operations research methods were applied to planning in forest and natural resources management. But, traditional optimization-based decision analysis depends upon some critical fundamental assumptions. In situations where any one of these assumptions cannot be reasonably justified, any selected solutions, while possibly good ones, can no longer be guaranteed optimal. In reality, the decision maker is frequently looking for an optimal compromise among several objectives. That situation may call for mutli-criteria decision making (MCDM) or for satisficing a set of goals.
Multiple Criteria Decision Making Theory
One of the earliest MCDM methods is multi-attribute utility theory (MAUT) or value theory (Keeney and Raiffa, 1976) . In its simplest form, MAUT provides a set of utility functions (one function for each attribute, or performance indicator), and then scores each decision alternative on each attribute. Scores across all attributes are combined for each alternative (often using an additive model), with individual attribute scores being appropriately scaled for comparability and weighted according to importance. The decision alternative with the highest aggregate utility (or value) score is then preferred. This general MAUT framework has spawned a large number of variants. Another MCDM approach that was developed about the same time as MAUT and has all its components is the analytic hierarchy process (AHP). The AHP provides for: decomposition of the decision problem into a multi-level hierarchy of criteria, direct pairwise comparisons of the decision alternatives (or alternatively, rating then individually), and rigorous mathematics to generate a preference structure for the alternatives. Schmoldt et al. (2001) describe many applications of the AHP to environmental and natural resources decision making. While many have used the AHP as an MCDM technique by itself, others have used it in combination with other MCDM methods (e.g., Prato, 1999) . These several examples, and many others not cited, attest to the versatility and extensibility of MCDM methods in general.
Future Directions for MCDM
Research in MCDM methodologies continues at a rapid pace to improve their problem solving power. First, given the geospatial context of most forestry decision problems, it is not surprising that considerable recent effort has gone into integrating geographic information systems and MCDM (e.g., Jankowski et al., 2001) . Map-based displays enable better elicitation of utility functions and present decision results in ways that improve user understanding and facilitate iterative analysis. Second, because single individuals rarely make natural resource management decisions, group decision making has become a priority topic in MCDM (e.g., Mendoza and Prabhu, 2000; Schmoldt and Peterson, 2000) . Third, opportunities exist for expanding the repertoire of techniques available in MCDM to include the large toolkit of quantitative methods available (e.g., simulation, optimization). Fourth, because all decisions occur in an uncertain environment and decision results can have uncertain consequences, greater effort is needed in measuring the uncertainty and risk associated with decision alternatives.
Satisficing Solutions
As a decision-making method, satisficing differs markedly from optimization or MCDM. Simon (2003) argues that a large body of evidence shows that people rarely actually engage in optimization. Quite simply, staisficing depends upon the existence of goals, also called objectives or targets. Each goal must have one or more measurement criteria that can be determined by measuring the current state of affairs or estimated for some simulated future state (Rauscher et al., 2000) . Once these goals and their measurement criteria exist, decision makers: (1) generate possible courses of action in numerous ways, (2) measure or predict the goal criteria, and (3) evaluate how well the goals as a set, and individually, have been achieved. This process of alternative generation and simulation is repeated until: (1) the goal criteria are satisfied; (2) the satisficing criteria for unachievable goals are adjusted downward so that they can be achieved (reality adjusts perceived values); or (3) satisficing criteria for easily achievable goals are adjusted upward to obtain and maintain goal achievement at a higher level than originally thought possible.
Future Directions for Satisficing
The satisficing method of alternative selection and goal satisfaction is currently under-utilized in the natural resource field. More research is needed to compare and contrast satisficing with the various MCDM methods. It may be entirely possible to combine the two approaches in a very effective way.
Most problem situations require forecasting the consequences of actions taken today on the forest landscape at some point in the future. The further out into the future the forecast, the more unknowable and uncertain the predictions are likely to be until a point is reached where even pretending to predict the future is absurd. Proponents of satisficing would argue that it is better to spend less effort and money on the front end of the decision problem and more on inventory and monitoring to detect change as it occurs. It is this change detection that is at the heart of the adaptive management idea, where feedback is a critical part of the management cycle. Coupled with the rather low-cost satisficing approach, increased inventory and monitoring would allow early detection of problems based on reality rather than over-extended theory and potentially untrustworthy forecasts.
Conclusions: How Can We Best Support Sustainability?
The scientific community is slowly coming to grips with the concept of sustainability. As the new sustainability sciences, such as ecological economics, industrial ecology, environmental geology, ecological engineering and others, organize themselves and advance, we can cooperate with scientists in these new fields by using the full KM toolkit to connect existing data, information, and knowledge in new ways (e.g. Wolfslehner et al., 2005) . We need to be concerned with how to make available both tacit and explicit knowledge. There is a temptation to concentrate primarily on explicit knowledge because it is tangible; we can readily organize it, check it, and build taxonomies for it. Tacit knowledge, on the other hand, moves from person to person and group to group, and grows and changes as it moves. The inexplicit nature of our understanding regarding sustainability concepts (their definitions) and practice implies that our knowledge management skills and tools will be severely challenged.
The function of a decision support system is to organize the decision process and to provide flexible, on-demand access to the full array of prescriptive, predictive, and descriptive methods and tools applicable to a particular problem situation (Rauscher and Reynolds, 2003) . The use of MCDM and satisficing techniques and their various combinations will allow us to model the trade-offs between conflicting resource goals and will help us to identify compromise solutions. From there, we can follow the feedback loop to descriptive and predictive tools and identify in very precise terms what data, information, and knowledge are needed to make the kinds of decisions we are looking for in adaptive management.
Policy science must play an important role in the effort to define sustainable forest management and design implementation strategies. There is great opportunity to better understand the nature of the environmentally-based conflicts that have energized a broad spectrum of the world's public. Policy scientists must take the forefront in analyzing and communicating results from such studies. Such questions and their answers need to be widely known and commonly agreed upon before a truly sustainable regional and national forest management policy can be successfully implemented. The many powerful tools of KM can help us achieve these goals.
